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Prolonged treatment with alkylating agents may induce changes in both squamous and non-squamous epithelium similar to those seen in spontaneous epithelial dysplasia and carcinoma in situ. 1, 2 We report a patient who developed reversible multifocal epithelial cell changes after conditioning therapy with busulfan and cyclophosphamide followed by autologous peripheral stem cell transplantation for AML.
A 40-year-old woman was diagnosed with acute myeloid leukemia, subtype M5. A total of three induction cycles including two with cytarabine, thioguanine and daunorubicin and one with high-dose cytarabine and mitoxantrone were administered. Complete remission was achieved after the first cycle. Cells for autologous stem cell transplantation were mobilized by a single dose of cyclophosphamide (2500 mg/m 2 ). Conditioning therapy was busulfan (4 mg/kg for 4 days, total of 1250 mg), followed by cyclophosphamide (50 mg/kg for another 4 days, total of 14.4 g). Thereafter, peripheral stem cell transplantation was performed. Acute toxicity observed was WHO grade IV mucositis. As a complication of myelo-ablative therapy hepatic veno-occlusive disease occurred 2 weeks after transplantation and was successfully treated by prostaglandin E1 infusion.
Four months after cessation of chemotherapy, a routine cervical smear revealed severe cytological changes which were interpreted as a high-grade squamous intraepithelial lesion (PAP IVa; CIN III) of the cervix. Consecutively, a cone biopsy and a curettage were performed. Sections of the cone biopsy showed histologic changes consistent with intra-epithelial cervical neoplasia grade III without any evidence of invasion ( Figure  1a, b) changes with highly atypical features such as enlarged hyperchromatic nuclei.
Further patient work-up revealed multifocal epithelial changes diagnosed by histology and/or cytology. Moderate dysplasia and parakeratosis were demonstrated in a biopsy of the oral mucosa. The gastric and antral mucosa and mucosa of the colon displayed atrophic changes. A biopsy of the duodenal mucosa showed normal epithelium, but irregular nuclear enlargement in Brunner's glands. These changes were classified as mild to moderate dysplasia. Both squamous cells and ciliated cells produced by bronchial alveolar lavage revealed severe dysplastic changes. Biopsy of the bronchus showed atrophic mucosa with severe atypia consistent with carcinoma in situ (Figure 1c, d ). Urothelial cells evaluated by exfoliative urinary cytology displayed changes such as enlarged and irregular nuclei which were regarded as dysplastic.
The diagnosis of a chemotherapy-induced wide-spread epithelial dysplasia was made and the patient was followedup closely.
A control cervical smear 2 months after the cone biopsy showed regression of the cellular atypia with few remaining dyskaryotic cells. Further cytological examinations of cervical, urothelial and bronchial cells revealed no evidence of dysplasia during a follow-up period of 2 years.
The first report of cytologic atypia following chemotherapy was published in 1955. 3 Cytologic changes in different locations varying from a 'polychromatic and polymorphous smear type' 4 to cancer-mimicking alterations 5 have been described in patients after receiving alkylating substances. Changes described were enlargement of cells, marked nuclear enlargement and hyperchromatism. 2 We now report for the first time, to the best of our knowledge, the appearance of multifocal intraepithelial lesions mimicking carcinoma in situ after high-dose, short-term treatment with busulfan and cyclophosphamide. Our finding suggests that it is not the duration of treatment, but the dose of the chemotherapeutic drug used which is responsible for the development of dysplasia. Another important observation is the complete reversibility of the dysplastic changes in this patient. None of the epithelial dysplasias persisted or progressed into invasive forms of cancer. Furthermore, the dysplastic changes subsided within a few months after diagnosis.
However, prospective clinical studies are necessary to determine if such early lesions are indicators of an increased risk for the development of secondary malignancies in the long term.
We suggest keeping the possibility of chemotherapyinduced changes in mind if dysplastic alterations of the epithelium are seen in patients who have received alkylating substances, even for a short time. According to our experience, close monitoring is adequate to follow such dysplastic changes. In order to differentiate between chemotherapy-induced dysplasia and pre-existing dysplasia, cytological examination of cervical, bronchial and urothelial cells should routinely be performed prior to treatment. 
